The study describes the epidemiological and pathological findings observed in a population of cats with feline infectious peritonitis (FIP) and estimated the degree of tissue destruction in the kidney, brain, and liver. A retrospective study was performed to determine the number of cats with a histopathological diagnosis of FIP between 2005-2016, at the Laboratory of Animal Pathology, Universidade Estadual de Londrina. The histopathological alterations in selected organs (brain, liver and kidneys) associated with FIP were described and then compared with a scoring system to estimate the degree of tissue destruction. FIP was diagnosed in 3.7% (19/520) of all cats necropsied during the 11-year period; sexual and breed predominance were not identified. Cats that were less than one-year-old were more frequently diagnosed with FIP. Pyogranulomatous nephritis with vasculitis (94.7%; 18/19), coagulative renal necrosis (84.2%; 16/19), hepatocellular necrosis (57.9; 11/19), and necrotizing leptomeningitis (47.4%; 9/19) were the most frequent lesions observed. Moreover, FIP-associated renal lesions were more severe and frequently observed when compared with those in the brain and liver. It is proposed that necrosis be considered as an important lesion associated with FIP that should be included in the histopathological diagnosis of this disease. Key words: Coagulative necrosis. Feline. Histopathology. Lesional score. Pyogranulomas. Vasculitis.
Introduction
Feline infectious peritonitis (FIP) is a progressive and fatal disease of cats caused by the virulent feline coronavirus variant (FCoVs), named feline infectious peritonitis virus, FIPV (PEDERSEN, 2009) . FIP has been reported predominantly in cats that are less than two years of age (ADDIE et al., 2009; PEDERSEN, 2009; ADDIE, 2012; RIEMER et al., 2016) , due to the immature immune systems of these animals (HARTMANN, 2005; ADDIE et al., 2009; PEDERSEN, 2009 ).
Epidemiological studies of FIP have been reported from different countries, demonstrating that cats with less one-year-old and cats living in shelters are more predisposed to contracting FIP, including Australia (NORRIS et al., 2005; BELL et al., 2006; WORTHING et al., 2012) , Austria (BENETKA et al., 2004) , Brazil (OLIVEIRA et al., 2003; SANTOS et al., 2013) , Japan (TANAKA et al., 2015) , Turkey (TEKELIOGLU et al., 2015) , USA (HARTMANN, 2005; PESTEANU-SOMOGYI et al., 2006; PEDERSEN, 2009) , and Germany (RIEMER et al., 2016) . However, none of these have investigated the degree of tissue destruction associated with FIP.
There is little information relative to the epidemiology of FIP in Brazil, with studies based predominantly on disease prevalence (OLIVEIRA et al., 2003; SANTOS et al., 2013) . This study describes the epidemiological data and pathological findings observed in a population of cats with FIP, and estimated the degree of tissue destruction in organs frequently affected in this disease.
Materials and Methods

Study location and cats
A retrospective study was performed to determine the number of cats necropsied at the Laboratory of Animal Pathology, Universidade Estadual de Londrina (LAP/UEL), Paraná, Southern Brazil from January 2005 to December 2016 with a histopathological diagnosis of FIP. A total of 520 cats were studied, most part of them (n=485) necropsied originated from the Veterinary Teaching Hospital (VTH/UEL); and the others (n=35) were submitted by private veterinarians or owners for a complete necropsy.
Information relative to the medical history, breed, gender, age, type of FIP, gross lesions, and morphological histopathological diagnoses were recovered from necropsy reports, tabulated, and analyzed. The disease was classified as effusive and non-effusive due to the presence or absence of free liquids within natural cavities. When necessary, histopathological slides were prepared from the archives of LAP/UEL.
Pathological data and lesional score
A diagnosis of FIP was made by a combination of the necropsy findings and histopathological alterations described in the necropsy report of each animal. All cases with a diagnosis of FIP were reviewed to evaluate the organs affected and the extension of the lesion in each. Morphological diagnoses were considered only from three organs (kidneys, liver, and brain), since these were most frequently affected and present in all cats evaluated. Due to the retrospective character of the study, only samples contained in paraffin blocks were used during this evaluation.
The histopathological alterations were grouped based on morphological diagnoses associated with FIP and then compared with a previously used scoring system (GRENIER et al., 2011) , with adaptations. Briefly, the lesional score was calculated by considering the degree of severity (severity factor) and the extension of each lesion (per intensity, scored from 0 to 3) in the affected organ (Table 1 ). The organ score was then obtained by the sum of each lesional score. The severity factor was defined as mild (1), moderate (2), and severe (3); the intensity of each lesion was evaluated and scored as no lesion (0), minimal (1), intermediate (2), and extensive (3). For the organs evaluated (kidney, brain, and liver), for each lesion, the score of the extension was multiplied by the severity factor, the minimal score was 0 and the maximum attainable scores were 48. 
Statistical analyses
Nonparametric variables (qualitative data) such as frequencies and percentages were analyzed as descriptive statistics. Cats were divided into two predefined age-related groups: those that were less than and more than one year of age, based on the incidence of this disease (HARTMANN, 2005; ADDIE et al., 2009; PEDERSEN, 2009; SOMA et al., 2013; RIEMER et al., 2016) . Clinical variables (gender and breed) related to the age of cats with FIP were determined by using the Chi Square test (P≤0.05), by univariate analysis.
Data for the scores used were presented as means and standard errors, and were statistically analysed by normality (Shapiro-Wilk) and homogeneity (Bartlett) tests, after the data were box-cox transformation. When these two conditions were attained, the analysis of variance (ANOVA) was applied followed by the Tukey test; P-values of ≤0.05 were considered as significant. Statistical analyzes were performed with software Action Stat, version free (São Carlos, SP, Brazil) .
Results
Biological data of cats
During the period of study, 520 cats were necropsied at the LAP/UEL; however, consistent data relative to the gender was provided from 379 cats, while information of the breed and age of cats were available for only 234 animals. During this study, 3.7% (19/520) of all cats necropsied had a histopathological diagnosis of FIP. There was no statistical difference between the gender (males, 10; females, 9; P = 0.822) and breed (P = 0.437) of cats affected. Most cats with FIP were less than oneyear-of-age (14/19, P = 9x10 -7 ).
Gross manifestations of FIP
The main pathological findings are resumed in Figure 1 . The effusive form of FIP was predominant, and occurred in 68.4% (13/19) of all cats; noneffusive FIP was observed in 31.6% (6/19) of the cats evaluated. All cats with effusive FIP had serohemorragic peritoneal effusion with fibrin deposition at the serosal surfaces of abdominal organs; pleural effusions were observed only in three cases.
Pyogranulomatous nephritis (78.9%; 15/19) was the most frequently observed lesion in cats with FIP. Pyogranulomas ( Figure 2) were also observed at serosal surfaces of the liver (78.9%; 15/19), the mesentery (36.8%; 7/19), eyes (31.6%; 6/19), spleen (26.3%; 5/19), pulmonary pleura (26.3%; 5/19), and cerebral meninges (15.8%; 3/19). Pyogranulomas were multifocal to coalescing, 0.1 to 3.0 cm in diameter, discrete to severe, and white to yellow colored. Renal granulomas were more pronounced around blood vessels.
Histopathological patterns observed in FIP
In this study, the kidney was the most frequently affected organ, with lesions occurring at the capsular surface that extended into the renal parenchyma. Renal pyogranulomas were multifocal to coalescing and there were extensive areas of vasculitis, fibrinoid degeneration, and thrombosis. In addition, coagulative necrosis was one of the most destructive histopathological alterations observed during this study, being present in the kidney (84.2%; 16/19), liver (57.9%; 11/19), and brain (47.4%; 9/19) of cats with FIP. In most cases, necrosis was perivascular and seemed to have originated from disrupted vessels. However, renal necrosis was comparatively more severe and extensive when compared to this alteration in the liver and brain. In cats with FIP, necrosis resulted in the destruction of more than 40-50% of the renal parenchyma ( Figure 3A ). Hepatocellular necrosis was random, predominantly perivascular and result in destruction in approximately 20-30% of the hepatic parenchyma. Cerebral necrosis was restricted to the leptomeninges and responsible for destruction to 5-10% of this area. Figure 2 . Gross lesions observed in cats with feline infectious peritonitis. There is unilateral anterior uveitis in the left eye and right unilateral mydriasis (A); severe accumulation of peritoneal serofibrinous effusion, with multiple pyogranulomas at the epiploon and serosal surface (arrow-heads) of the liver (B). Brain; the leptomeninges of the cerebrum are thickened (arrows) by pyogranulomatous inflammation exudate (C). Multifocal to coalescing granulomas are easily identified at the serosal surface of the intestines (D). Cross section of a kidney; the renal cortex is severely damaged due to multifocal to coalescing, granulomas (0.1 -1 cm in diameter), that extended into the underlying parenchyma (E). Liver; multifocal to coalescing granulomas (0.5-1 cm in diameter) are observed at the serosal surface of the liver (F). Scale in centimeters. Figure 3 . Histopathological findings observed in cats with FIP. Kidney, observe severe pyogranulomatous nephritis intermingled with multifocal to coalescent areas of coagulative necrosis (A). Liver, there is severe multifocal to coalescing necrotizing hepatitis (B). Brain, the leptomeninges were severely thickened due to severe infiltration of degenerated neutrophils, macrophages, and lymphocytes; observe the prominent area (*) of coagulative necrosis (C). Brain, pyogranulomatous phlebitis, chronic, focal, moderate with fibrinoid thrombus (D). Hematoxylin and Eosin stain; bar, A and B, 200 µm; C, 100 µm; and D 50 µm.
Lesional score of the kidney, brain, and liver of cats with FIP
As indicated previously, only the kidney, brain, and liver were used to estimate the degree of tissue destruction in each organ. The lesions observed in these organs, varied between mild to severe (Figure 3) , with all organs attaining a maximum of 48 points. However, when the lesional score attributed to the organs evaluated were compared (Figure 4) , FIP-associated renal damage due to coagulative necrosis, granulomas and vasculitis were more frequently observed, more intense and extensive, and significantly different from those that occurred in the brain (P = 0.00005) and liver (P = 0.011). Although there was no statistical difference in intensity and severity of the cerebral and hepatic lesions observed during this study, FIP-induced neurological lesions were more severe when compared to those of the liver. 
Discussion
The pathological alterations observed during this investigations are similar to those described in cases of FIP (HARTMANN, 2005; NORRIS et al., 2005; PEDERSEN, 2009; PEDERSEN et al., 2015) , considering that a definitive diagnostic of FIP is based on the histopathologic evaluation of the tissues of the affected cat (DRECHSLER et al., 2011) . Most organs evaluated during this investigation had some degree of pyogranulomatous inflammatory reaction with an associated vasculitis; pyogranulomatous inflammation and vasculitis are the hallmarks FIP (KIPAR et al., 2005; PEDERSEN, 2009; DRECHSLER et al., 2011; PEDERSEN et al., 2015) . Pyogranulomas in effusive FIP were frequently observed at the serous surfaces of abdominal organs during this study; similar findings were described (KIPAR et al., 2005; ADDIE et al., 2009; PEDERSEN, 2009; DRECHSLER et al., 2011) . Alternatively, pyogranulomas in noneffusive FIP was predominantly diagnosed at the renal cortex; these findings are in accord with previous descriptions (KIPAR et al., 2005; ADDIE et al., 2009; DRECHSLER et al., 2011) .
The evaluation of the lesional score for FIP revealed that the kidney was more severely affected when compared to the lesions observed in the brain and liver. As far as the authors are aware, a lesional score was never provided to estimate the intensity of tissue destruction in FIP. Histopathological lesions observed in the kidneys of all cats evaluated, suggest that this organ is the most susceptible to develop lesions associated with FIP, particularly in cats that are less than one-year-old. Although the reason(s) for the predominance of FIP-associated renal lesions is unclear, several factors can be considered as contributory towards the development of these alterations. The kidney is the organ that is more frequently affected in FIP (BERG et al., 2005; ADDIE et al., 2009; PEDERSEN, 2009; MELI, 2014) , and retrospective studies have shown that a large percentage of cats have FIP-associated renal disease (OLIVEIRA et al., 2003; NORRIS et al., 2005) ; these findings are in accordance with the results of our investigation. The kidney has a single circulatory system, receives 20% of the cardiac output, is composed of two distinct capillary beds (glomerular and peritubular capillary network), with a complex array of afferent arterioles, resulting in a blood flow that is approximately 40 times more elevated than the other organs (BLANTZ; GABBAI, 2005) . Moreover, vasculitis in FIP seems to affect predominantly small to medium-sized veins (KIPAR et al., 2005; PEDERSEN, 2009 ) particularly of the renal cortex leptomeninges, lung, and liver (KIPAR et al., 2005) . Collectively, these factors make the kidney highly susceptible to vascular alterations and might explain the predominance of renal destruction observed during this investigation.
Cats that were less than one-year-old were the most significantly (73.7%) FIP-affected age group; this result is in accordance with the fact that cats between 4 to 16 months of age are more frequently affected (HARTMANN, 2005; PEDERSEN, 2009) , confirming that younger cats are more susceptible to FIP than their older counterparts. Stress is known to suppress the immune system (RIEMER et al., 2016) , the risk of developing FIP is higher in young cats is due to the immaturity of their immune system and the exposure to various stressful events, such as weaning, castration and vaccination (HARTMANN, 2005; PEDERSEN, 2009; 2014) .
The prevalence of FIP (3.7%; 19/520) identified during this investigation was similar to that observed in other reports from Brazil, where a prevalence of 1.12% (49/4,357) was described in São Paulo (SANTOS et al., 2013) and 2.03% (13/638) in Rio Grande do Sul (OLIVEIRA et al., 2003) . Epidemiological studies done in other countries have revealed prevalence levels of FIP that varied between 0.52% (60/11,535) in Raleigh, North Carolina, USA (PESTEANU-SOMOGYI et al., 2006) , and in 1.41% (231/16,275) from Munich, Germany (RIEMER et al., 2016) . The prevalence levels identified in Brazil might be related to the fact that cat owners do not frequently submit their pets for necropsy evaluation at veterinary hospitals due to financial constraints (SANTOS et al., 2013) , which probably underestimates the prevalence of this disease.
There was no statistical difference (P=0.822) between the gender of cats with FIP; similar results were observed in North Carolina, USA (PESTEANU-SOMOGYI et al., 2006) , where from a population of 11,475 cats, only 60 were infected (P=0.425; 53.6% female, 59.6% male with FIP). Alternatively, male cats with FIP were overrepresented in an epidemiological study from Australia (NORRIS et al., 2005) . In our study, no statistical difference (P=0.437) was observed when mixed-breed cats with FIP were compared with their pure breed counterparts. However, purebred Abyssinians, Bengal, Himalayan, Ragdoll (PESTEANU-SOMOGYI et al., 2006) , and Burmese (NORRIS et al., 2005; PESTEANU-SOMOGYI et al., 2006) cats were considered as having a more elevated risk to develop FIP. In addition, domestic short hair cats were also over represented in a German study (RIEMER et al., 2016) . Consequently, breed differences relative to the occurrence of FIP may be directly related to the population of cats attended at institutions and/or clinics within a geographical region.
In conclusion, the results of this study have demonstrated that the incidence and prevalence of FIP in Southern Brazil was more elevated in cats that were less than one-year-old, with no predilection for sex and breed. The lesional score system suggested that the kidney was the organ most frequently and severely affected. Moreover, pyogranulomatous nephritis with associated vasculitis was the histopathological lesion observed in all cats with FIP. In addition, coagulative necrosis seems to be one of the most important histopathological alterations associated with tissue destruction in FIP and should be included in the diagnosis of this disease.
